The association between PP and cardiovascular diseases is thought to be independent of systolic and diastolic blood pressure (SBP and DBP, respectively). Mean ambulatory PP correlates with organ damage more closely than does office PP (2). It is known that blood pressure (BP) rises during the day and decreases during nighttime (3), although the magnitude of fluctuation varies among
Introduction
Hypertension is the most prevalent cardiovascular disease and causes various cardiovascular complications. Recently, increased pulse pressure (PP) was shown to be a risk factor for cardiovascular disease, especially in elderly patients (1).
individual cases. Previous studies (4) (5) (6) have demonstrated that hypertensive target organ damage-including left ventricular hypertrophy (LVH)-is frequent in nondipper hypertension, a decreased fall in nighttime BP. It is well-known that LVH is causally related to high BP and represents hypertensive target organ damage (7) . This study, therefore, investigated a possible circadian change in PP and its relation to LVH in 255 patients with untreated essential hypertension.
Methods

Study Subjects
The study population consisted of 255 consecutive patients with essential hypertension. All of these patients were untreated for hypertension and visited Yamanashi University Hospital. Hypertension was defined according to the Sixth Report of the Joint National Committee on the Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC-VI) criteria (7) . All patients fulfilled the following inclusion criteria: the averaged values of two or more BP measurements obtained on at least two separate occasions were ≥ 140 mmHg SBP or ≥ 90 mmHg DBP, with waking ambulatory BP measurements ≥ 135/85 mmHg or sleeping ambulatory BP measurements ≥ 120/75 mmHg. None of the patients had secondary hypertension, congestive heart failure, previous myocardial infarction, cardiomyopathy, valvular heart diseases, previous stroke, or serum creatinine concentration >1.5 mg/dl. Diabetes mellitus was diagnosed when the random glucose level was ≥200 mg/dl, or when the hemoglobin A1c was ≥6.5%, or when the patient was treated by dietary restrictions, oral hypoglycemics, or insulin.
Smoking was defined as >10 cigarettes per day for >1 year.
Patients' characteristics are shown in Table 1 . Written informed consent was obtained from all patients prior to commencement of the study. The study protocol was approved by the Ethics Committee of the University of Yamanashi.
Ambulatory BP Measurements
SBP, DBP, PP, and heart rate (HR) during daily activities were measured every 30 min for 48 h by the oscillometric method, using a noninvasive ambulatory BP monitoring system (TM-2425; A&D, Tokyo, Japan) (8) . The daytime and nighttime mean values of SBP, DBP, PP, and HR during the 48-h period were analyzed by reviewing the patients' diaries. We defined daytime as the period from the time the patients awoke to the time they went to sleep, and nighttime as the period during which they were sleeping. The daytime and nighttime SBP, DBP, PP, and HR were the averages of the respective values over the 2 days of monitoring. Dipper hypertension was defined by the presence of a fall (≥ 10%) in the mean nighttime SBP and DBP from the respective daytime values. Nondipper hypertension was defined by the absence of the fall (≥ 10%) in the mean nighttime SBP, and/or in the mean nighttime DBP. The percent reduction of nighttime PP from daytime PP was calculated as (daytime mean PP nighttime mean PP) 100 / (daytime mean PP).
Echocardiography
We performed echocardiography using a 2.5 MHz transducer with a Sonos-5500 echocardiographic unit (Hewlett Packard, Andover, USA). Left ventricular mass (LVM) and stroke volume (SV) were estimated from M-mode echocardiography (8) . The LVM index (LVMI) was defined as LVM divided by body surface area (BSA). All echocardiographic studies were performed by physicians unaware of the patients' clinical data.
Statistical Analysis
Results are expressed as the mean SD. The mean values and frequencies of continuous variables were compared between the 2 groups using the unpaired t-test and χ 2 analysis, respectively. Comparison between more than 3 groups was performed using one-way ANOVA. Analyses for the associations were performed using a linear regression technique. Nondipper hypertension, 48-h SBP, and daytime PP, which have traditionally been considered to be risk factors for LVH, were included as independent covariables in a multivariate linear regression analysis for the association between 
Results
Circadian Changes of PP
In all patients, PP was not constant throughout either day or night, but, in a majority of patients, there was a circadian fluctuation of PP (i.e., a reduction during nighttime), as shown in Fig. 1 . The percent reduction of nighttime PP from daytime PP reached up to 40% with a mean of 10 11% of the daytime PP. The percent reduction of nighttime PP from daytime PP had a significant and inverse relation with 48-h SBP, nighttime SBP, nighttime DBP, 48-h PP, and nighttime PP, as shown in Table 2 . It was significantly lower in those with nondipper hypertension than those with dipper hypertension (% reduction from daytime PP: 3 9% in nondippers [n 114] vs. 16 8% in dippers [n 141], respectively, p<0.01). The percent reduction of nighttime PP had no significant relation with serum levels of total cholesterol or high-density lipoprotein cholesterol, as shown in Table 2 . The percent reduction of nighttime PP was comparable between patients with and without diabetes (data not shown).
Association of Nighttime PP Reduction with LVMI
The percent reduction of nighttime PP from daytime PP had a significant and inverse relation to LVMI in a subgroup of elderly hypertensive patients (≥ 60 years), as shown in Fig. 2 and in Table 3 , whereas this relation was not significant in either the whole patient population unclassified by age or a subgroup of non-elderly hypertensive patients (<60 years), as shown in Tables 2 and 3 . Daytime PP and 48-h SBP also had a significant and positive relation with LVMI in the elderly patients (r 0. , respectively, p 0.04) in the elderly hypertensive patients. However, multivariate regression analy- 
<0.001
HDL, high-density lipoprotein; BP, blood pressure.
sis showed that, among four variables-the percent reduction of nighttime PP, daytime PP, 48-h SBP, and nondipper hypertension-only the percent reduction of nighttime PP and daytime PP remained significantly correlated with LVMI in the elderly patients, as shown in Table 4 . And the percent reduction of nighttime PP had the strongest (inverse) association with LVMI. Blunted reduction of nighttime PP (<7% reduction of nighttime PP from daytime PP, with 7.0% corresponding to the median value of the % reduction of nighttime PP in the elderly patients) in combination with nondipper hypertension or higher daytime PP (>60 mmHg, corresponding to the median value of the daytime PP in the elderly patients) conferred an incremental risk of increase in LVMI in the elderly 576 Hypertens Res Vol. 27, No. 8 (2004) HDL, high-density lipoprotein; BP, blood pressure. patients, as shown in Fig. 3 .
Comparisons of Ambulatory BP Measurements between Elderly Patients with and without Blunted Reduction of Nighttime PP
The elderly patients with <7% reduction of nighttime PP had higher 48-h SBP, nighttime SBP, 48-h PP, and nighttime PP, and similar levels of DBP parameters as compared with those with ≥ 7% reduction of nighttime PP, as shown in Table 5 . The extent of decrease in SBP was greater than that of DBP, leading to a greater reduction in nighttime PP in the elderly patients with ≥ 7% reduction of nighttime PP. On the other hand, the extent of decrease in SBP was comparable to that of DBP, leading to a blunted reduction in nighttime PP in the elderly patients with <7% reduction of nighttime PP, as shown in Fig. 4 . The elderly patients with <7% reduction of nighttime PP had a higher frequency of smoking, but not of diabetes or dyslipidemia, as compared with those with ≥ 7% reduction of nighttime PP, as shown in Table 6 .
Discussion
This study demonstrated that PP has a circadian variation, decreasing during nighttime in a majority of patients. However, the extent of nighttime reduction of PP varies among individuals. The present study further showed that the blunted reduction of nighttime PP is significantly associated with LVH in elderly hypertensive patients independently of daytime PP, 48-h SBP, and nondipper hypertension, and that the association of the blunted reduction of nighttime PP with LVH is the strongest among the covariates. Therefore, the blunted reduction of PP during nighttime might play a role in the pathogenesis of hypertension-induced cardiac damage in elderly patients. The present study also showed that nondipper hypertension is associated with a smaller reduction of nighttime PP. This was expected, because patients with nondipper hypertension are known to show a minimal decrease in BP during nightitme, which would lead to a blunted reduction of nighttime PP. In fact, this study also showed that a smaller reduction of nighttime SBP resulted in a blunted reduction of nighttime PP. Thus, the blunted reduction of nighttime PP may be intimately related to the pathogenesis of cardiovascular complications in nondipper hypertension.
Furthermore, the present study demonstrated that the blunted reduction of nighttime PP confers an additional risk-in patients with nondipper hypertension-for LVH. Thus, the combination of a blunted reduction of nighttime PP and nondipper hypertension is a strong risk factor for LVH in elderly hypertensive patients. Recently, increased PP was shown to be a risk factor for cardiovascular mortality in elderly patients (1) . Stiffening of the central elastic arteries, which reflects biological aging of the arterial system, tends to raise SBP and lower DBP. The former, which causes a disproportionate increase in end-systolic stress, promotes the development of cardiac hypertrophy and requires a greater coronary blood flow. The latter reduces the pressure on which coronary flow is dependent, and together they increase the vulnerability of the heart to ischemia. This explains why an increase in PP is a major predictor of cardiovascular risk in elderly hypertensive patients. The blunted reduction of PP from day to night, which persistently increases PP, might cause further progression of hypertension-induced organ damage, thereby resulting in a higher incidence of cardiovascular events. In fact, the present study showed that, in patients with higher daytime PP, the blunted reduction of nighttime PP conferred an additional risk for LVH. Taken together, these results indicate that the combination of an increase in PP and the blunted reduction of nighttime PP could be a risk for cardiovascular complications in elderly hypertensive patients. It is, however, necessary to confirm the blunted reduction of nighttime PP as a new risk for cardiovascular disease in a prospective study with a large number of the patients. Previous studies (9, 10) have shown that diabetes and dyslipidemia are associated with an increase in PP. The present study, however, showed that the elderly patients with a blunted reduction of nighttime PP had higher frequency of smoking, but not higher frequency of diabetes or dyslipidemia. Although the mechanism for the positive association between smoking and the blunted reduction of nighttime PP remains to be determined, this association may play a possible role in the pathogenesis of smoking-related cardiovascular diseases. SBP increases with age, while DBP rises only until 50 years of age, after which it either becomes constant or even decreases slightly. In the Framingham Heart Study (1), increasing age entailed a shift from DBP to SBP and then to PP as the major predictor of cardiovascular risk. Thus, PP became superior to SBP as a predictor of cardiovascular diseases in elderly hypertensive patients (1) . These features in elderly hypertension may explain why, in the present multivariate analysis, the percent reduction of nighttime PP, but not 48-h SBP, remained significantly associated with LVMI in elderly patients, and why the significant association was observed in the elderly hypertensive patients but not in the younger patients or the total population.
In conclusion, PP is decreased during nighttime in elderly hypertensive patients, but the extent of the decrease varies case-by-case. The blunted reduction of PP during nighttime is a risk factor for LVH and may play a role in cardiovascular complications in elderly patients. 
